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(54) OPTICAL ROTARY ENCODER 

(57) An optical rotary encoder simple in construc- 
tion and capable of easily securing an aligned state of a 
code plate with a rotating shaft. A disk DS and an 
attachment portion DM of a code plate (6) are formed of 
an integrated plastic molded product, so that the 
assembly work for the code plate (6) itself is unneces- 
sary. A lens group is formed in a predetermined region 
of the disk DS. When a fitting portion RE of a shaft 
member (20) is press fitted into an insertion hole DE, 
alignment holding portions (J1 to J3) are deformed plas- 
tically tothfereby achieve the alignment. The attachment 
portion DM and the shaft member (20) are fixed to each 
other by engaging a fixing bolt BL with threaded holes 
DH and RH. A plurality of alignment holding portions 
(K1 to K3) may be provided at the outer peripheral sur- 
face of the attachment portion DM. In this case, the 
alignment is achieved by press fitting the attachment 
portion DM into a fitted portion RF and plastically 
deforming the alignment holding portions (K1 to K3). 
The alignment holding portions may be provided so as 
to be deformed elastically in the radial direction. Also, a 
tapered fitting structure may be adopted. 
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light emitted from the light emitting section is con- 
verted into the movable discrete beam, almost a 
half of the quantity of light has already been 
wasted, so that an efficient signal output cannot be 
obtained. 

Problem 2: In order to form a light and shade lattice 
having the light transmitting portions and light inter- 
cepting portions on the code plate 1 and fixed slit 3, 
troublesome and costly processes such as chro- 
mium deposition, etching, and machining are 
needed, which increases the cost of the whole opti- 
cal rotary encoder. 

Problem 3: In order to attach the code plate to the 
rotating shaft member, a plurality of attaching por- 
tions continuous with the code plate is needed. It is 
actually difficult to configure the attaching portions 
integrally (as one member) with a body portion 
(disk member) of the code plate, so that the whole 
code plate is made up of two or three members. For 
this reason, the code plate is easily affected by 
errors of fabrication accuracy and assembly accu- 
racy of these parts,. especially the alignment accu- 
racy for alignment with the shaft member. Also, the 
burden of assembly work for decreasing these 
errors is heavy. 

[001 0] FIGS. 3a to 3d show code plates of the conven- 
tional optical rotary encoder. FIGS. 3a and 3b show an 
example of code plate made up of two members, and 
FIGS. 3c and 3d show an example of code plate made 
up of three members. 

[001 1 ] In the example of code plate made up of two 
members as shown in FIGS. 3a and 3b, a disk DS con- 
stituting the body portion of the code plate 1 is joined to 
a collar portion HL of a hub HB serving as an attaching 
portion to a shaft member (not shown). As the material 
of the disk DS. glass is used. In the region indicated by 
hatching in the front view, a code element (lattice pat- 
tern of transmitting portions and intercepting portions) 
as shown in FIG. 2 is formed by chromium deposition or 
the like. Also, the hub HB including the collar portion HL 
is made of a metal such as aluminum or brass, and an 
adhesive AD suitable for bonding of metal to glass is 
used for the joining of the collar portion HL 
[0012] The hub HB has a hollow construction, and as 
shown in the front view, a screw hole SH engaging with 
a fixing bolt (not shown), an edge portion HG, and an 
inner peripheral step portion HD are provided. 
[001 3] In the example of code plate made up of three 
members as shown in FIGS. 3c and 3d, a disk DS con- 
stituting the body portion of the code plate 1 is lapped 
on a collar portion HL of a hub HB serving as an attach- 
ing portion to a shalt member (not shown), and locked 
reinforcingly with a washer WS. As the material of the 
disk DS, metal is used, and in the region indicated by 
hatching in the front view, a code element (lattice pat- 
tern of transmitting portions and intercepting portions) 
as shown in FIG. 2 is formed by metal etching or the 



like. Also, the hub HB including the collar portion HL is 
made of a metal such as aluminum or brass. . 
[0014] As is the case of code plate made up of two 
members, the hub HB has a hollow construction, and as 
5 shown concentrically with the washer WS in the front 
view, a screw hole SH engaging with a fixing bolt (not 
shown), an edge portion HG, and an inner peripheral 
step portion HD are provided. 

[0015] Thus, neither of the constructions shown in 

10 FIGS. 3a and 3b and FIGS. 3c and 3d are an integral 
construction in which the disk DS constituting the body 
portion of the code plate 1 is integral with the hub HB 
serving as an attaching portion. Therefore, when the 
disk DS is assembled to the hub HB (joining using adhe- 

is sive, locking using washer), it is not easy to secure the 
alignment relationship (aligned state) between them. As 
a result, measures are taken such that alignment is per- 
formed with a heavy burden when the encoder is 
assembled, or faulty products are rejected in the inspec- 

20 tion process at the sacrifice of a low yield. 

[0016] The inventor of the present invention has made 
a proposal for solving problems 1 and 2 of the above 
problems 1 to 3 (PCT/JP98/00726). According to this 
proposal, a code plate using a lens element group 

25 arranged periodically is used as a means for converting 
the stationary beam from the light emitting section into a 
movable discrete beam group. 

[001 7] FIGS. 4a, 4b and 5 are views for illustrating one 
example of a code plate used in the aforementioned 

30 improvement proposal. In FIGS. 4a and 4b, a sectional 
view and a front view of an improved code plate denoted 
by reference numeral 6 are drawn, respectively, in a 
simplified form. The code plate 6 is provided with many 
lens elements 61 arranged periodically with a predeter- 

35 mined pitch in the circumferential direction. The lens 
element 61, which plays a role of movable slit (genera- 
tion of movable discrete beam group) in the conven- 
tional code plate, is formed on one surface or both 
surfaces of the code element By the rotation of the 

40 rotating shaft member 2 connected to a rotor shalt of 
motor or the like, these lens elements 61 are rotated 
around a center axis S. 

[0018] FIG. 5 is a view for illustrating a generating 
operation of a movable discrete beam group in the case 

45 where the code plate 6 is used, in the same form as that 
of FIG. 2. The code plate 6 shown in this figure is made 
of a plastic such as acrylic resin and polycarbonate, and 
formed with many convex lens elements 61 on the light 
outgoing side thereof The condensing power (refracting 

so power) of each lens element 61 is designed so that the 
beam width of a movable beam MF is decreased to a 
half of the reference pitch IP when the movable beam 
MF reaches the light receiving device 42. Between the 
movable beams MF are formed shadow regions SD 

55 where the light does not pass through. 

[0019] When the rotating shaft 2 of the code plate 6 
connected to a rotor of motor or the like rotates, the 
code plate 6 is rotated, so that the rotational position of 
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Brief Description of Drawings 
[0030] 

FIG. 1 is a view for illustrating a basic construction 
of an optical detection section by taking a rotary 
type optical rotary encoder as an example; 
FIG. 2 is a view showing a general cross-sectional 
construction of a code plate (movable slit), fixed slit, 
and light receiving section used in the construction 
shown in FIG. 1; 

FIGS. 3a to 3d show assembly constructions of 
conventional code plates, FIG. 3a being a side view 
of a code plate made up of two members, FIG. 3b 
being a front view thereof, FIG. 3c being a side view 
of a code plate made up of three members, and 
FIG. 3d being a front view thereof; 
FIG. 4a is a side view showing the outline of a plas- 
tic code plate used for a rotary encoder, and FIG. 
4b is a front view thereof; 

FIG. 5 is a view for illustrating the generating oper- 
ation of a movable discrete beam group in the case 
where a plastic code plate is used; 
FIGS. 6a and 6b show a configuration of a principal 
portion of a first embodiment of the present inven- 
tion, in the same form as that of FIGS. 3a to 3d, 
FIG. 6a being a sectional view of an integrally 
molded code plate, and FIG. 6b being a simplified 
front view showing an appearance of the code 
plate; 

FIG. 7a is a sectional view showing a configuration 
of a principal portion of a second embodiment of 
the present invention, FIG. 7b shows alignment 
holding portions provided in an insertion hole, FIG. 
7c is a sectional view showing a configuration of a 
principal portion of a third embodiment, and FIG. 7d 
shows alignment holding portions provided at an 
attachment portion; 

FIGS. 8a to 8h are views for illustrating several 
other examples of alignment holding portions; 
FIG. 9a is a sectional view showing a configuration 
of a principal portion of a fourth embodiment of the 
present invention, and FIG. 9b is a sectional view 
showing a configuration of a principal portion of a 
fifth embodiment; 

FIG. 1 0a is a sectional view for illustrating an exam- 
ple in which an adhesive is used to fix a shaft mem- 
ber to an attachment portion, as a sixth 
embodiment; FIG. 10a being a sectional view 
before assembly, and FIG. 10b being a sectional 
view after assembly and fixing; 
FIG. 1 1 is a sectional view showing an example of 
a lens element group formed on a code plate; 
FIG. 12 is a sectional view showing another exam- 
ple of a lens element groip formed on a code plate; 
and 

FIG. 13 is a sectional view showing still another 
example of a lens element group formed on a code 



plate. 

Best Mode of Carrying out the Invention 

5 [0031 ] FIGS. 6a and 6b show a configuration of a prin- 
cipal portion of a first embodiment of the present inven- 
tion, in the same form as that of FIGS. 3a to 3d. FIG. 6a 
is a sectional view of an integrally molded code plate, 
and FIG. 6b is a simplified front view showing an 

io appearance of the code plate. As shown in FIGS. 6a 
and 6b, a disk DS constituting a body portion of a code 
plate 6 and an attachment portion DM to a shalt mem- 
ber 20 are formed of an integrally molded plastic prod- 
uct manufactured by, for example, injection molding. 

is [0032] Although the details are omitted in these fig- 
ures, a lens group LS of an irregular shape is formed in 
the hatched portion of the disk DS in the front view. The 
forming mode (irregular shape and arrangement) and 
operation of the lens group LS are as explained, for 

20 example, with reference to FIGS. 3 and 4, but many 
other variations are available. These examples are 
described later. 

[0033] The attachment portion DM formed concentri- 
cally with the disk DS has an insertion hole DE having 

25 an inside diameter equal to the outside diameter of a fit- 
ting portion RE of a shaft member 20 of a rotating shaft, 
and further has a threaded hole DH concentrically con- 
tinuing with the insertion hole DE. The diameter of the 
threaded hole DH is designed so as to be smaller than 

30 the inside diameter of the insertion hole DE using a step 
portion DD. On the side of the shaft member 20, on the 
other hand, a threaded hole RH is formed concentrically 
with the fitting portion RE. 

[0034] Thus, the code plate 6 is made up of one mem- 

35 ber, so that the assembly work for the code plate 6 itself 
is unnecessary, and therefore an error caused by the 
assembly work does not occur. That is to say, by 
increasing the molding accuracy of the code plate 6, the 
concentric relationship between the disk DS and the 

40 attachment portion DM can be secured. The alignment 
in installing the disk plate 6 to the shaft member 20 is 
performed through an operation of inserting the fitting 
portion RE of the shaft member 20 into the insertion 
hole DE, whereby the concentric relationship between 

45 the disk plate 6 and the shaft member 20 is secured. 
[0035] FIGS. 7a and 7b are a sectional view showing 
a configuration of a principal portion of a second 
embodiment of the present invention and a view for 
illustrating alignment holding portions, respectively. 

so FIGS. 7c and 7d are a sectional view showing a config- 
uration of a principal portion of a third embodiment of 
the present invention and a view for illustrating align- 
ment holding portions, respectively. The second 
embodiment shown in FIGS. 7a and 7b has almost the 

55 same construction as that of the first embodiment 
except that alignment holding portions J 1 to J3 are pro- 
vided on the inner periphery of the insertion hole DE of 
the attachment portion DM of the code plate 6. Specif i- 
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denoted by reference characters L1 to L3. M1 to M3, N1 
to N3. and Ol to 03 are examples in which protrusions 
capable of being deformed plastically in the radial direc- 
tion are provided on the inner peripheral surface of the 
insertion hole DE in a form of extending in the circumfer- 5 
ential direction. In the leftmost example in which the 
alignment holding portions are denoted by reference 
characters LI to L3, the position of the outer periphery 
of the fitting portion RE is indicated by the broke line to 
which reference character Z1 is applied. Also, alignment 10 
holding portions denoted by reference characters P1 to 
P3, Q1 to Q3, R1 to R3, and S1 to S3 are examples in 
which protrusions capable of being deformed plastically 
in the radial direction are provided on the outer periph- 
eral surface of the attachment portion DM in a form of 15 
extending in the circumferential direction. In the leftmost 
example in which the alignment holding portions are 
denoted by reference characters R1 to R3, the position 
of the inner periphery of the fitted portion RF is indi- 
cated by the broken One to which reference character Z2 2 o 
is applied. 

[0046] When the former alignment holding portions L1 
to L3, M1 to M3, and N1 to N3 are used, the alignment 
in installing the disk plate 6 to the shaft member is 
achieved by a radial elastic deformation of the align- 25 
ment holding portions L1 to L3, M1 to M3. N1 to N3. and 
Ol to 03 through an operation of inserting (press fitting) 
the fitting portion RE of the shaft member into the inser- 
tion hole DE, whereby the concentric relationship 
between the disk plate 6 and the shaft member 20 is 30 
secured. 

10047] On the other hand, when the latter alignment 
holding portions P1 to P3, Q1 to Q3, R1 to R3, and S1 
to S3 are used, the alignment in installing the disk plate 
6 to the shaft member is achieved by a radial elastic 35 
deformation of the alignment holding portions P1 to P3, 
Q1 to Q3, R1 to R3, and S1 to S3 through an operation 
of inserting (press fitting) the attachment portion DM 
into the fitted portion RF on the shaft member side, 
whereby the concentric relationship between the disk 40 
plate 6 and the shaft member 20 is secured. 
[0048] In both cases, the fixing bolt BL is engaged with 
the threaded hole DH and the threaded hole RH in a 
state in which the concentric relationship is secured, 
whereby the disk plate 6 can be fixed to the shaft mem- 45 
ber 20. 

[0049] FIG. 9a is a sectional view showing a configu- 
ration of a principal portion of a fourth embodiment of 
the present invention, and FIG. 9b is a sectional view 
showing a configuration of a principal portion of a fifth so 
embodiment. 

[0050] The fourth embodiment shown in FIG. 9a is 
characterized in that the inner periphery of the insertion 
hole DE of the attachment portion DM of the code plate 
6 and the outer periphery of the fitting portion RE of the 55 
shaft member 20 consist of tapered surfaces DQ and 
RQ which fit to each other, respectively. Other configu- 
rations are the same as those of the first embodiment, 



so that the repeated explanation is omitted. 
[0051] In this embodiment as well, as in the case of 
the first embodiment, the code plate 6 is made up of one 
member, so that the assembly work for the code plate 6 
itself is unnecessary, and therefore an error caused by 
the assembly work does not occur. That is to say, by 
increasing the molding accuracy of the code plate 6, the 
concentric relationship between the disk DS and the 
attachment portion DM can be secured. The alignment 
in installing the disk plate 6 to the shaft member 20 is 
achieved by an operation of inserting the fitting portion 
RE of the shaft member 20 into the insertion hole DE 
while using the tapered surfaces DQ and RQ as guide 
means, whereby the concentric relationship between 
the disk plate 6 and the shaft member 20 is secured. 
The fixing bolt BL is engaged with the threaded hole DH 
and the threaded hole RH in a state in which the con- 
centric relationship is secured, whereby the disk plate 6 
is f ixed to the shaft member 20. 
[0052] On the other hand, the fifth embodiment shown 
in FIG. 9b is characterized in that the outer periphery of 
the attachment portion DM of the code plate 6 and the 
inner periphery of the fitted portion RF of the shaft 
member 20 consist of tapered surfaces DP and RR 
which fit to each other, respectively. Other configura- 
tions are the same as those of the first embodiment, so 
that the repeated explanation is omitted. 
[0053] In this embodiment as well, the code plate 6 is 
made up of one member, so that the assembly work for 
the code plate 6 itself is unnecessary, and therefore an 
error caused by the assembly work does not occur. 
Thereupon, by increasing the molding accuracy of the 
code plate 6, the concentric relationship between the 
disk DS and the attachment portion DM can be secured. 
[0054] The alignment in installing the disk plate 6 to 
the shaft member 20 is achieved by an operation of 
inserting the attachment portion DM of the disk 6 into 
the fitted portion RF of the shaft member 20 while using 
the tapered surfaces DP and RR as guide means, 
whereby the concentric relationship between the disk 
plate 6 and the shaft member 20 is secured. The fixing 
bolt BL is engaged with the threaded hole DH and the 
threaded hole RH in a state in which the concentric rela- 
tionship is secured, whereby the disk plate 6 is fixed to 
the shaft member 20. 

[0055] In the embodiments explained above, a fixing 
bolt has been used to fix the attachment portion and the 
shaft member to each other in a state in which one of 
these elements is fitted to the other. However, an adhe- 
sive can be used. FIG. 10a is a sectional view for illus- 
trating an example in which an adhesive is used, as a 
sixth embodiment. FIG. 10a is a sectional view before 
assembly, and FIG. 1 0b is a sectional view after assem- 
bly and fixing. 

[0056] As shown in FIG. 10a. the disk DS constituting 
the body portion of the code plate 6 and the attachment 
portion DM to the shaft member 20 are formed of an 
integrally molded plastic product manufactured by, for 
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rotating shaft is secured. Therefore, there is provided a 
high-quality and less-costly optical rotary encoder 
which is simple in construction and easy in manufac- 
ture. 

5 

Claims 

1. An optical rotary encoder comprising a light emit- 
ting section, a code plate for converting light sup- 
plied from said light emitting section into a discrete w 
movable beam group and a light receiving section 

for receiving light contained in said discrete mova- 
ble beam group, for detecting rotation amount or 
rotational speed of a rotating shaft based on signals 
obtained from said light receiving section, 15 
wherein said code plate has a body portion and an 
attachment portion, said code plate is held concen- 
trically by a shaft member constituting said rotating 
shaft through said attachment portion, and said 
body portion and said attachment portion are 20 
formed of an integrated plastic molded product. 

2. An optical rotary encoder according to claim 1, 
wherein a fitting and holding mechanism for fitting 
and holding said attachment portion and said shaft 25 
member to each other is provided for performing 
the concentric holding. 

3. An optical rotary encoder comprising a light emit- 
ting section, a code plate for converting light sup- 30 
plied from said light emitting section into a discrete 
movable beam group and a light receiving section 

. for receiving light contained in said discrete mova- 
ble beam group, for detecting rotation amount or 
rotational speed of a rotating shaft based on signals 35 
obtained from said light receiving section, 
wherein said code plate has a body portion and an 
attachment portion, said code plate is held concen- 
trically by a shaft member constituting said rotating 
shaft through said attachment portion, said body ao 
portion and said attachment portion are formed of 
an integrated plastic molded product, and said opti- 
cal rotary encoder further comprises alignment 
holding means tor performing the concentric hold- 
ing of said code plate in alignment with said rotating 45 
shaft. 

4. An optical rotary encoder according to claim 3, 
wherein a fitting and holding mechanism for fitting 
and holding said attachment portion and said shaft so 
member to each other is provided for performing 
the concentric holding. 

5. An optical rotary encoder according to claim 4, 
wherein said fitting and holding mechanism ss 
includes an alignment holding portion plastically 
deformable and provided on at least one of an outer 
periphery and an inner periphery of said attacfv 
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ment portion, and said alignment holding portion is 
plastically deformed in radial direction when said 
attachment portion and said shaft member are fit- 
ted to each other, thereby the alignment of said 
code plate with said rotating shaft is performed. 

6. An optical rotary encoder according to claim 4, 
wherein said fitting and holding mechanism 
includes an alignment holding portion elasticady 
deformable and provided on at least one of an outer 
periphery and an inner periphery of said attach- 
ment portion to extend in circumferential direction, 
and said alignment holding portion is elastically 
deformed in radial direction when said attachment 
portion and said shaft member are fitted to the 
other, thereby the alignment of said code plate with 
said rotating shaft is performed. 

7. An optical rotary encoder according to claim 4, 
wherein said fitting and holding mechanism 
includes tapered surfaces formed on both of said 
attachment portion and said shaft member, and the 
alignment of said code plate with said rotating shaft 
is performed by fitting operation to bring said 
tapered surfaces into contact with each other. 

8. An optical rotary encoder according to claim 3 or 4, 
wherein said attachment portion and said shaft 
member are bonded to be fitted to each other in a 
state in which said attachment portion and said 
shaft member are fitted to each other. 

9. An optical rotary encoder according to any one of 
claims 1 to 8, wherein said code plate comprises a 
plurality of lens elements arranged periodically in 
circumferential direction and light supplied from 
said light emitting section is converted into a dis- 
crete beam group by said plurality of lens elements. 
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